Characteristics of heat transfer of gold nanoparticles (Au-NPs) in flow past a power-law stretching surface are discussed. Sisko bio-nanofluid flow (with blood as a base fluid) in existence of non-linear thermal radiation is studied. The resulting equations system is abbreviated to model the suggested problem in non-linear PDEs. Along with initial and boundary-conditions, the equations are made non-dimensional and then resolved numerically utilizing 4th-5th order Runge-Kutta-Fehlberg (RKF45) technique with shooting integration procedure. Various flow quantities behaviors are examined for parametric consideration such as the Au-NPs volume fraction, the exponentially stretching and thermal radiation parameters. It is observed that radiation drives to shortage the thermal boundary-layer thickness and therefore resulted in better heat transfer at surface.
Introduction
Nanoparticles of gold material (Au-NPs) are the most powerful shedding light materials in nanoscience and nanomedicine. Modern research advantages in Au-NPs have stemmed from their exotic centralize surface Plasmon resonance (SPR) behavior as well as their shape and size-dependent physicochemical characteristics, properties that are not spotted in magnitude Au [1] [2] [3] . These characteristics have led to important biomedical applications including selective targeting [4] [5] [6] , cellular imaging [7, 8] , and biosensing [9] [10] [11] [12] . Au-NPs are desired in industrial applications and many trades, with modern emerging procedures dramatically accretion universal request for Au-NPs. The flow and heat transfer investigation for non-Newtonian nanofluid saturated porous media of hollow vessel is analyzed by Hatami et al. [13] by utilizing various numerical methods. Akbari et al. [14] studied the MHD flow of blood with Au-NPs of a third grade through porous vessels by using Flex-PDE software. The influence of thermal radiation on the flow and heat transfer Au-NPs in blood in a porous channel with moving/stationary surfaces is debated by Srinivas et al. [15] .
On the other hand, the study of non-Newtonian fluids comprehensively generalized Newtonian liquid (GNL) with heat transfer has obtained notable prominence due to number of industrial applications such as polymer solutions, slushy plastic and foods etc. Moreover, heat transfer in non-Newtonian fluids in the presence of convective boundary conditions has been treated by few academic researchers. The blood vessel walls may be elastic, permeable and movable and the theoretical studies concerned with the non-Newtonian blood flow in stenosed arteries are probed by numerous researchers [16] [17] [18] [19] .
The problems involving boundary-layer influx of nanofluids have been studied by several authors. For instance Hady et al. [20] studied the flow and heat transfer characteristics of viscous nanofluid over a non-linearly stretching surface with thermal radiation. Also nanofluid flowing with yield stress influence was scrutinized by Hady et al. [21] . Here surface stretched non-linearly. Impact of chemical reaction and heat transfer characteristics of viscous non-Darcy nanofluid flow over a non-linearly stretching surface embedded in porous medium was investigated by Eid et al. [22] . Nonlinear thermal radiation and Soret effects are also examined. Eid [23] further analyzed chemical reaction and heat generation in MHD flow of two-phase nanofluid over a power-law stretching surface. The magnetic field effect on 3D flow of Maxwell nanofluid past a stretching surface and a nanofluid flow in a porous channel with thermal slip conditions is probed by Hayat et al. [24, 25] . The non-Newtonian fluids are well recognized and more suited to technological applications. These fluids cannot be described by a single model. It is because of diverse properties of materials in nature. The model of Sisko fluid [26] [27] [28] [29] is a standout amongst the most essential models of fluid depicting the flow in the generalized Newtonian and power-law regions. Above-mentioned model is most suitable to portray the flow behavior of fluids in high shear rate regions. Mathematically, Sisko model satisfies [26] : where s is the stress tensor, d is the tensor rate, a; b and n are the fluid parameters. It appears from the literature survey that no exploration has been made for boundary-layer flow and heat transfer of Sisko bio-nanofluid (Blood base bio-fluid) towards a non-linearly stretching surface with thermal radiation. Thus our present research explores the similarity solutions of the modified nonlinear coupled ODEs for varied appreciations of controlling parameters. The one-phase model is applied in the present study. The Influential parameters on the dimensionless velocity, temperature, Au-NPs volume fraction, the heat transfer and the Au-NPs volume fraction rates are presented to gain thorough insight towards the physics of considered problem.
Statement of problem

Mathematical model
We describe 2D steady laminar incompressible boundary-layer flow and heat transfer of the one-phase model of Sisko bionanofluid (blood base bio-fluid) in the region y > 0. Flow is driven by a power-law stretching surface with velocity u w ðxÞ ¼ cx m , where c symbolizes a positive real number and m > 0 represents the stretching surface rate. The stretching surface is supposed to be conformable with the x-axis while the y-axis is perpendicular to the surface plane. A surface has temperature T w . Fig. 1 describes the physical configuration. The thermo-physical properties of blood and Au-NPs are given in Table 1 [30] . The main steady conservation of mass, momentum, and thermal energy equations (see Hady et al. [20] and Khan et al. [29] ) for nanofluid by utilizing usual boundary-layer approximations in the existence of radiation can be formed in Cartesian coordinates x and y as:
The boundary conditions are prescribed in the forms:
Velocity components along the x and y-axis are u and v, respectively, a, b and nðP 0Þ represent the constants of material of the Sisko bio-nanofluid. T is the nanofluid temperature, q nf is the bio-nanofluid density, a nf ¼ k nf =ðqc p Þ nf is the bio-nanofluid thermal diffusivity with c p is the specific heat at constant pressure and k nf is the bio-nanofluid thermal conductivity which is defined as follow:
where u is the gold-nanoparticles volume fraction, q b and q g are the densities of the blood and the gold, respectively, ðqc p Þ b and ðqc p Þ g are the blood and gold heat capacitances and k b and k g are the thermal conductivity of blood and gold-nanoparticles. The radiation heat flux q r is defined by Rosseland approximation (see Hady et al. [20] ) such that:
where r Ã and k Ã are constant of Stefan-Boltzmann and mean absorption coefficient, respectively. Considering the difference of temperature in the flow is such that T 4 can be expanded in a Taylor series about T 1 and disregarded higher order terms. This result is in the following approximation:
Using (6) and (7), we obtain
Therefore using Eq. (8), the energy Eq. (3) becomes:
It is revealed that impact of non-linear thermal radiation enhanced the thermal diffusivity. If we take N R ¼
as the thermal radiation factor, Eq. (8) becomes:
It is worth mentioning that the normal solution for energy Eq. (10) without thermal radiation impact can be recovered as N R ! 1. 
Substituting Eqs. (5) and (11) into Eqs. (2) and (10) we have 
where Re a , Re b are the local Reynolds numbers; respectively, and a b is the blood thermal diffusivity which are acquainted by:
The significant non-dimensional physical quantities of interest in this investigation are the skin friction C fx and the local Nusselt number Nu x which can be represented as:
In Eq. (17), the local Nusselt number in absence of thermal radiation is considered. Here s xy is the wall shear stress. This is offered by:
By utilizing Eq. (11) the above dimensionless parameters can be written in expressions of the output of the solution as:
b C fx ¼ Af 00 ð0Þ À ½Àf 00 ð0Þ n ;
Numerical procedures
Prior employing the 4th-5th order Runge-Kutta-Fehlberg's method (denoted by RKF45) integrating with shooting technique, first we diminish the governing differential equations into a group of 1st order ODEs. Let
The dependent system is obtained. 
Graphical results and discussion
The severe impacts of various emerging flow variables on blood flow with metallic NPs are described via graphical illustrations of velocity, temperature and heat transfer rate. For numerical solution, it is essential to appoint some numerical value to the parameters concerned in the study under investigation. A factual case is treated in which the fluid is blood. We take into consideration for a human body temperature, T ¼ 310 o K and the value of Pr ¼ 21 is considered for blood [31, 32] . Table 2 volume fraction u and it is diminished with an increase of m and A.
In Fig. 6 , the variation of temperature for several values of thermal radiation N R . It is observed that temperature is given higher values for convergent radiation values and thermal boundary-layer thickness is diminished via N R . This is because; more heat to fluid is provided with an increase in N R which found in denominator that causes the temperature drop.
Outside the boundary-layer, the diversity of skin friction coefficient for several values of material parameter A in the interval 0 6 A 6 10 (A ¼ 0 for power-law nanofluids and A-0 for Sisko nanofluids), and stretching surface rate m are offered in Fig. 7 . It is interpreted that m and A have a considerable effects on the local wall shear stress and therefore skin friction. The skin friction is raised with the increasing of m and the detraction of A. The effects of A; m and N R on heat transfer rate are discussed in Figs. 8 and 9 . It is revealed that the heat transfer rate of the blood flow with AuNPs is enhanced with an increment in whole parameters. It is expected as generality human skin responses slowly wear off after treatment ends. In several cases, the remedy skin will remain swarthy and might be extra sensitive than it was previously. Continue to give skin more protection from sun radiation. Numerous skin products which contain NPs can leave paint on the skin cause excitement, and several may even change the radiation potion that enters the human body depend on its magnitude of concentration.
Conclusions
The steady laminar 2D flow and heat transfer characteristics by boundary-layer of one phase Sisko bio-nanofluid model (blood comprehend gold-NPs) with power-law stretching surface have been detailed numerically. The observations of computations have revealed that:
An essential dilution in the velocity, temperature and corresponding boundary-layers thickness was recognized for stretching surface rate. Skin friction drag and heat transfer rate were reinforced with exponent stretching parameter. An increment of Au-NPs volume fraction enhances temperature and opposite trend was noticed in velocity. Thermal radiation accretion leads to deficiency in the thermal boundary-layer thickness and therefore resulted in better heat transfer at surface. Heat transfer rate for power-law nanofluid is greater when matched with those of Sisko nanofluid. 
